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缩略词中英文对照表 
缩写 英文 中文 
Amp Ampicillin  氨苄青霉素 
bp Base pair  碱基对 
BSA Bovine serum albumen  牛血清蛋白 
cDNA Complementary DNA  互补脱氧核糖核苷酸 
CFU Clonal formation unit 单克隆菌落形成单位 
ddH2O Double distilled water  双蒸馏水 
dNTP Deoxynucleotide triphosphates 脱氧核苷三磷酸 
EDTA Ethylene diamine teraacetic acid  乙二胺四乙酸 
KDa Kilodalton 千道尔顿 
LB Lurial bertani medium LB 培养基 
mg Milligram 毫克 
mL Milliliter 毫升 
ng Nanogram 纳克 
OD Optical Density 光密度 
PAGE Polyacrylanide gel electrophoresis  聚丙烯酰胺凝胶 
PBS Phosphate buffer saline 磷酸盐缓冲液 
PCR Polymerase chain reaction  聚合酶链式反应 
pH 
Potentiometric hydrogen ion 
concentration 
氢离子浓度指数 
SDS Sodium dodecyl sulfate  十二烷基硫酸钠 
SDS-PAGE 
SDS-polyacrylanide gel 
electrophoresis   
SDS-聚丙烯酰胺 
TAE Tris-acetic acid-EDTA buffer  Tris-乙酸-EDTA 缓冲液 
FIC Fractional inhibitory concentration 分级抑菌浓度 
FICI 
Fractional inhibitory concentration 
index 
分级抑菌浓度指数 
PBPs Penicillin binding proteins 青霉素结合蛋白 
MSSA 
Methicillin-sensitive Staphylococcus 
aureus 
对甲氧西林敏感的金黄色葡
萄球菌 
MRSA 
Methicillin-resistant Staphylococcus 
aureus 耐甲氧西林金黄色葡萄球菌 
VRE Vancomycin-resistant Enterococcus 耐万古霉素肠球菌 
Gly Glycine 甘氨酸 
His Histine 组氨酸 
Lys Lysine 赖氨酸 
Ile Isoleucine 异亮氨酸 
Val Valine 缬氨酸 
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续表 
缩写 英文 中文 
Thr   Threonine 苏氨酸 
Gln Glutamine 谷氨酰胺 
Pro Proline 脯氨酸 
Ala   Alanine 丙氨酸 
Arg Arginine 精氨酸 
Ser Serine 丝氨酸 
Phe   Phenylalanine 苯丙氨酸 
Leu Leucine   亮氨酸 
Asp Asparagine 天冬酰胺 
Cys   Cysteine   半胱氨酸 
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摘要 
抗生素（antibiotics）作为最广泛应用的抗细菌药物，目前被广泛应用于水
产养殖业中，但超量、滥用抗生素造成了水产品药物残留超标等一系列问题，如
何控制抗生素的过量应用是亟待解决的重要科学与生产问题，因此寻找抗生素的
有效替代品是目前国内外本领域的研究热点之一。抗菌肽（antimicrobial peptide）
是先天性免疫中的重要免疫活性因子，具有广谱的抗菌性，且不会产生耐药性，
在所有替代抗生素的选择中，抗菌肽被认为是普遍存在于各种生物中由基因编码
的“天然抗生素”，是抗生素的最佳替代品之一，具有广阔的应用前景。抗生素
是迄今为止已知的对各种病原微生物抑杀效果最有效的化学合成物质，尚未发现
任何一种活性物质能够完全替代抗生素，因此在实际生产中采取降低抗生素的用
量，从而使水产品中抗生素的残留量符合国内外安全标准，也是解决抗生素污染
的重要途径。本研究利用体外合成的抗菌肽Sphistin和基因工程表达产物
Scygonadin2，通过与3种不同的抗生素联合试验，评价Sphistin和Scygonadin2与
抗生素的协同抑杀菌效果，为探索抗菌肽在水产养殖上的应用开发奠定基础。主
要研究成果如下： 
1.Scygonadin2 基 因 在 毕 赤 酵 母 中 的 表 达 及 抗 菌 活 性 ： 构 建 了
pPIC9K-Scygonadin2真核表达载体，转化入毕赤酵母GS115中进行真核表达，对
表达获得的抗菌肽进行亲和层析纯化后，进行抗菌实验。抗菌实验结果表明，真
核表达的抗菌肽Scygonadin2对革兰氏阳性菌具有较好的抑杀活性，对被测的革
兰氏阴性菌无抑杀活性（>50μM）。 
2.N- 末端的组成差异对 Scygonadin2 的抗菌活性的影响：分别构建
pPIC9K-Scygonadin2载体和pPIC9K-Kex2-Scygonadin2载体，将载体分别转化入
毕赤酵母GS115中进行真核表达，对表达获得的蛋白纯化后进行N-末端测序，测
序结果表明，由GS115/pPIC9K-Kex2-Scygonadin2的毕赤酵母菌株表达获得的抗
菌肽，其N-末端与天然蛋白的N-末端氨基酸序列相同，无多余氨基酸。由
GS115/pPIC9K-Scygonadin2的毕赤酵母菌株表达获得抗菌肽，其N-末端存在限制
性酶切位点导致的多余氨基酸残基Tyr-Val-Glu-Phe。对两种N-末端组成存在差异
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的Scygonadin2分别进行抗菌实验，发现两种不同N-末端的Scygonadin2对细菌的
抑杀效果基本相同，不存在显著性差异，表明N-末端的组成差异对Scygonadin2
的抗菌活性并未产生显著性地影响，该实验为体外表达具有天然活性的抗菌肽奠
定了理论基础。 
3.拟穴青蟹阴离子抗菌肽Scygonadin2同抗生素的协同抗菌效果：将纯化后的
抗菌肽Scygonadin2同青霉素、链霉素和四环素等抗生素进行协同抗菌实验，结
果表明，Scygonadin2与四环素协同使用时，对荧光假单胞菌的抑杀存在协同作
用（FICI=0.266），Scygonadin2与青霉素对施氏假单胞菌的抑杀有增强作用
（FICI=0.508）。 
4.拟穴青蟹阳离子抗菌肽Sphistin同抗生素的协同抗菌效果：将体外合成的抗
菌肽Sphistin同青霉素和链霉素等抗生素进行协同抗菌实验，结果表明，抗菌肽
Sphistin与青霉素以及链霉素针对大肠杆菌模式菌株的抑杀均具有增强作用
（FICI分别为0.531，0.625）。 
 
 
关键词：Scygonadin2；Sphistin； N-末端组成差异；抗生素；协同抗菌 
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Abstract 
Antibiotics are the most popular drugs against bacterial infections; they are now 
widely used in aquaculture. However, the abuse of antibiotics has caused numerous 
problems, such as drugs detected in aquatic products. How to control the abuse of 
antibiotics has become a problem that we must resolve as fast as possible.  Therefore, 
it is important that finding substitutes for antibiotics. Antimicrobial peptides (AMPs) 
are important components of the innate immunity, which have a broad spectrum of 
antibacterial activity, and do not develop resistance. Among all the substitutes for 
antibiotics, AMPs are very common natural antibiotics, which are encoded by genes. 
Therefore, AMPs are thought to be one of the best choices instead of antibiotics, and 
they have broad application prospects. In this study, mature scygonadin2 peptide
（Scylla Paramemosain）were highly efficient and stable expressed in Pichia pastoris. 
After purification, its antibacterial activities were clarified. Then Sphistin，one 
antimicrobial cationic peptide，and Scygonadin2 in combination with antibiotics were 
assessed against bacteria in vitro, exploring that if the combination groups had 
synergistic effects and promoting the combination groups which had synergistic effect 
are used in aquaculture. This work will be helpful for the development of new 
uncontaminated feed additive in aquaculture. The results are showed as follows: 
1. Expression and purification of a crab antimicrobial peptide scygonadin2 in 
Pichia pastoris and analysis of its antimicrobial activity: expression vector 
pPIC9K-Scygonadin2 was constructed, then transformed into pichia pastoris GS115, 
Recombinant scygonadin2 was purified by Ni2+ affinity chromatography and 
determined the bacterial killing activity. The results showed that Scygonadin2 could 
kill the gram-positive bacteria well while without killing activity against 
gram-negative bacteria (>50 μm). 
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2. The influence of the composition and structure of N-terminal to the bacterial 
killing activity of Scygonadin2: The expression vectors of pPIC9K-Scygonadin2 and 
pPIC9K-Kex2-Scygonadin2 were constructed, transformed into pichia pastoris 
GS115, respectively. After purification, their N-terminal were analyzed using Edman 
degradation， respectively. The results showed that the protein, expressed by 
pPIC9K-Kex2-Scygonadin2 vector in pichia pastoris GS115，its amino acid sequence 
of the N-terminal is the same as that of natural proteins. While the protein expressed 
by pPIC9K-Scygonadin2 vector , in contrast with the natural proteins, it has another 
amino acid sequence Tyr-Val-Glu-Phe. Then the two kinds of N-terminal of 
Scygonadin2 were determined the bacterial killing activity, the results showed that the 
bacterial killing activity of the two kinds of N-terminal of Scygonadin2 are basically 
same. There is no significant difference, suggesting that different composition and 
structure of N-terminal of Scygonadin2 could not influence its bacterial killing 
activity significantly. This method of vector construction will be helpful for the 
expression of natural proteins in vitro. 
3. Scygonadin2, one anionic antimicrobial peptide of Scylla Paramemosain in 
combination with antibiotics was assessed against bacteria in vitro: After purification, 
Scygonadin2 in combination with penicillin, Streptomycin and tetracycline was 
assessed against Pseudomonas fluorescens, Escherichia coli, Shigella. flexneri and 
Pseudomonas stutzeri. The results showed that when Scygonadin2 and tetracycline 
combined to kill Pseudomonas fluorescens, it had synergistic effects (FICI=0.266), 
when Scygonadin2 and penicillin combined to kill Pseudomonas stutzeri, it showed 
an additive effect (FICI=0.508). 
4. Sphistin, one cationic antimicrobial peptide of Scylla Paramemosain in 
combination with antibiotics was assessed against bacteria in vitro: After purification, 
Sphistin in combination with penicillin and Streptomycin was assessed against 
Escherichia coli. The results showed that when Sphistin with penicillin and 
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streptomycin combined to kill Escherichia coli, it had additive effect (FICI =0.531and 
0.625, respectively). 
 
Key words: Scygonadin2；Sphistin；Different N-terminal；Antibiotics；Synergistic 
antibacterial 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
  
 
Degree papers are in the “Xiamen University Electronic Theses and 
Dissertations Database”.  
Fulltexts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on 
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary 
loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn 
for delivery details. 
厦
门
大
学
博
硕
士
论
文
摘
要
库
